The health benefits of extra virgin olive oil (EVOO) 
described as the most important factors affecting the EVOO phenolic profile [14, 15] , while organoleptic characteristic such flavour have been linked to geographic and climatic factors more than to cultivar or ripening stage [13, 16] . Nevertheless, studies about how these aspects could affect the bioaccessible fraction of EVOO are still very scarce.
In the present work, we aimed evaluate some relevant aspects of chemical composition (pigments, CoQ10 and phenolic compounds) and the antioxidant potential of Spanish EVOO from the same geographic region, comparing different cultivars, harvest years and crop stages (early and late). As content of bioactive compounds may also influence the oil colour, colour coordinates were also measured. The antioxidant activity was studied after and before an in vitro gastrointestinal digestion, and methods based on a single-electron transfer (DPPH, ABTS, FRAP) together with cell culture markers compounds and. CoQ10 determination were provided by Sigma (Sigma-Aldrich, St, Louis, MO). 2,2-azinobis-(3-ethylbensothiazoline)-6-sulfonic acid (ABTS) was obtained from Amresco (Solon, USA). 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) and iron (III) chloride for the ferric reducing power (FRAP) method was obtained from Fluka Chemicals (Fluka Chemicals, Madrid, Spain). The description of samples and the climatic conditions of seasons are presented in Table   1 . Mean temperature and rainfall were supplied by the Spanish Meteoroly Agency, (Aemet, http://www.aemet.es), and corresponds to the province of Seville.
Samples

Determination of CoQ10
The samples were analyzed according with Borges et al. [17] . A quantity of 990 μL of 1-propanol was mixed with 10 μL of oil, vortex and centrifuged at 11300g for 5 min at room temperature. The subsequent supernatant was diluted 1/500 in 1-propanol prior to HPLC injection. CoQ10 present in the oil extract were separated by reversedphase high-performance liquid chromatography (HPLC, Gilson, WI) with a C18 symmetry column (3.5 μm, 4.6 × 150 mm) (Waters Chromatography. Barcelona. Spain) using a mobile phase consisting of methanol, ethanol, 2-propanol, glacial acetic acid (500:500:15:15) and 50 mM sodium acetate at a flow rate of 0.9 mL/min. The electrochemical detector consisted of an ESA Coulochem III with the following setting:
guard cell (upstream of the injector) at +900 mV and the analytical cell at +350 mV. The method is able to detect reduced CoQ10 (ubiquinol) and oxidized CoQ10 (ubiquinone), however ubiquinol was not detected in our conditions of extraction and analysis. The
CoQ10 concentrations of the oxidized form were estimated by comparison of the peak areas with those of standard solutions of known concentrations; values of calibration curve were reported previously [17] . The results were expressed in mg per L of sample.
Pigments (chlorophylls and carotenoids) and colour
The pigments (chlorophylls and carotenoids) were assessed following the method described by Minguez-Mosquera et al. [18] . The oil samples were dissolved with cyclohexane (1.5:5 w/v) and absorbance was measured using a UV spectrophotometer (Pharmaspec UV 1700, Shimadzu). The chlorophyll fraction was determined at 670 nm and the carotenoid fraction at 470 nm. The results obtained are expressed as mg of pheophytin ''a'' and lutein per kg of oil, respectively.
Instrumental colour (CIE L*, a*, b*) was measured directly in the olive oil samples using a Minolta Colorimeter (CR-400, Konica Minolta Corp., Japan) with illuminant D65, as described in Borges et al. [19] .
Individual phenolic compounds
The individual phenolic fraction of samples was performed after an extraction with methanol/water [80:20] according to the International Olive Oil Council [20] . The extracts were analyzed by UPLCTOF-MS following the method validated by Rivas et al. [21] . All the analytical parameters of the methods used are shown in Borges et al., [17] .
In vitro digestion
The in vitro digestion was performed including sequential steps of gastric and intestinal digestion, as described by Borges et al. [6] , Briefly, the oil samples were mixed with Mili-Q water (1:10 w/v) and subjected to gastric (pH 2 pepsin solution) and intestinal (pH 7 pancreatin/bile salts solution) phases (110 oscillations/ min; 37 °C 2h). The samples were protected from light all over the process and submitted to sonication previous to each step. The samples were then centrifuged at 10.000 rpm for 30 min at 4 °C (Sorvall RC 6 Plus centrifuge) to separate the soluble or bioaccessible fraction (BF) from the residual fraction (RF). Blanks with no sample were run in parallel and analyzed to discard interferences due to the reagents of the digestion process. The fractions were stored at -80 °C in tubes protected from the light under a nitrogen blanket until used to determine the total polyphenol content (TPC) and antioxidant activity. Aliquots of the BF were also used for Caco-2 cell experiments.
Total phenolic content and antioxidant activity
Previous to analysis of total phenolic content (TPC) and antioxidant activity, a chemical extraction was applied to the oil samples and the two fractions obtained after the in vitro digestion process (bioaccessible and residual fractions), following the procedure described by Borges et al. [11] . Samples were previously mixed with n-hexane and methanol/water (80: 20 v/v) was used as extracting solvent.
The methodologies previously described by Borges et al. [6] were followed. TPC For determination of ROS generation we used the dichlorofluorescin (DCFH) assay as described by Seiquer et al. [8] . Briefly, cells were seeded in 24-well multiwell plates at 2 × 10 5 cells/well and incubated at 37°C for 48 h. After exposition to BF of oils (2h), cells were treated with DCFH 100 lM and incubated for 1 h. The DCFH was removed and culture medium (for basal measurements) or t-BOOH 5 mM (to induce oxidation) was added to the wells. The absorbance was measured at a wavelength of 485 nm excitation and 535 nm emission, at 37° C during 0-90 min. DFCH in the presence of ROS is converted into dichlorofluorescein (DCH) and emits fluorescence. The data were expressed as fluorescence units from at least two independent experiments (n = 3 per experiment). Table 2 shows the content of CoQ10, pigments (chlorophylls and carotenoids) and phenolic compounds, as well as the instrumental colour, determined in the EVOO.
Statistical analyses
Results and Discussion
Chemical compounds and colour
Phenolic compounds are presented grouped by families: flavonoids (mainly apigenin and luteolin), phenolic acids (mainly naringenin, p-coumaric acid, gallic acid and vanillic acid) and phenol alcohol (mainly hydroxytyrosol).
Levels of CoQ10 were significantly affected by cultivar and harvest year, but crop stage did not have significant influence, except for Arbequina harvested in 2014.
Comparing the varieties evaluated, Hojiblanca showed higher levels of CoQ10 than Arbequina (P<0.001). Results are in accordance with a previous study [3] relating that Hojiblanca EVOO had higher levels than others commercial EVOO from different geographic areas, including Arbequina, although with lower values than those found in the present study. Therefore, our results support that CoQ10 level in EVOO is mainly driven by genetic factors [3] . In addition, it may also be affected by climatic and geographic conditions, and significant relationships with the altitude or the rainfalls of the growing areas have been found [17] . On the other hand, during the maturation process, the colour and composition of the olive fruit may change significantly and it has been suggested that EVOO harvested at early stages might be richer in CoQ levels [3] .
On the contrary, we found that early or late crop stage did not affect CoQ10 content, and,
as an exception, a positive effect of maturation was observed in Arbequina-2014 oils.
Thus, it was confirmed that response to maturation is different depending on cultivar and may be also impacted by climatic conditions of the harvest year. Moreover, all the samples of the current study should be considered as very rich sources of CoQ10 (over than 50 mg/kg) according to the values previously established in the bibliography [22] .
The high values of Hojiblanca-2015, over 200 mg CoQ10/L, must be highlighted among those found till the moment in the bibliography. mg/kg and 5.35 mg/kg of chlorophylls and carotenoids, respectively, higher than those previously described for other VOO cultivars [23] . The ripening stage seemed to negatively affect pigment content, although the effect not was always significant. This influence was more consistently reported by Baccouri et al., [24] that found a significant loss of chlorophyll and carotenoids associated to the ripening degree in Tunisian monovarietal VOO. As ripening progresses in the olive fruit, photosynthetic activity decreases and the concentrations of both chlorophylls and carotenoids decrease progressively, whereas other colored compounds, such as anthocyanins, are formed [25] .
The presence of pigments has been also associated with the colour of virgin olive oils, which may vary from green-yellow to gold, depending on the variety and the stage of maturity [19, 26] . It was observed that oils from 2014 harvest were more intense yellow [higher b*) than those from 2015, in both cultivars. Colour of oils plays an important role in the perceptions and preferences of consumers, which associate a dark green colour with high quality and pale yellow with refined and lower quality olive oils [27] .
Flavonoids represented the majority group of phenolic compounds determined in all the EVOO analyzed, ranging from 42% of the total phenolic compounds in Hojiblanca EVOO 2014, stage 2, to 91% in Arbequina 2014, stage 2. Levels of phenolic alcohols also varied widely, reaching proportions up to 42% of the total in EVOO from Arbequina 2015, at early stage. This behavior was similar to a previous study that described flavonoids as the major group of phenols in EVOO from Cobrançosa cultivar in different harvesting times [28] . In addition, in general, the values found in the present study were between the ranges of values related by Phenol Explorer [29] . According with our results, phenolic compounds of all the groups were significantly affected by the factors analyzed, i.e., cultivar, harvest year and crop stage (P<0.001, Table 2 ). In agreement, it has been already observed that the polyphenols concentration of virgin olive oils varies greatly depending on the olive cultivar, agronomic practices and degree of fruit ripening, as well as on the conditions of processing (type of olive mill, malaxation, etc.) and fruit and oil storage [30] . Variations on phenolic composition of oils associated to olives ripening stage are caused by chemical reactions and activity of enzymes such as oxidoreductases, polyphenol oxidases and peroxidases [15] . It has been described that oxidation of phenolic compounds occurs with ripening, but the oxidation rate strongly depend on cultivar, which may be related to the different distribution of the endogenous oxidoreductases in the pulp and the seed of the olive fruit [28] . In our assay, Hojiblanca oils showed higher phenol content than Arbequina for all harvest and crop stage, and a general increase in phenolic compounds was observed from early to late oils in the same harvest. Although higher levels of phenolic compounds have been usually found in early harvested oils compared with late harvested [31] , a significant increase of some polyphenols, such as vainillin or p-coumaric acid, have also been described along fruit ripening [28] , which should be in agreement with our findings. Thus, it is necessary determining the best ripening stage for each variety, in order to obtain a high-quality olive oil.
Total phenolic content (TPC) and antioxidant activity before and after in vitro digestion of oils.
Results are shown in Table 3 . The colorimetric assay of TPC, based on the reaction of the Folin-Ciocalteu reagent with the functional hydroxy groups of the phenolic compounds, was included as an easy and valid method for the quantification of total phenols [32] . Current bibliographic data show a large variation of phenols in EVOO samples, from a few to approximately 1200 mg/kg, and it depends on the cultivar and environmental variables, such as rainfalls and olives ripeness, among others [1] . In the present study, TPC content found in chemical extracts before digestion was higher in Hojiblanca (367-405 mg/kg) than in Arbequina (222-231 mg/kg) EVOO, but no effect of harvest year or crop stage was observed. In the same line, values of antioxidant activity (ABTS, DPPH and FRAP) were also increased in Hojiblanca oils compared with Arbequina samples (P<0.01), showing than oils with more quantity of phenolic components had also higher ability of scavenging free radicals and reducing power. These results agree with previous information showing positive relationships between the phenolic content of a large number of EVOO with their antioxidant properties [11, 30] .
However, the measured antioxidant markers varied greatly depending on the year of harvest and the crop stage, unlike that was observed for TPC. This findings support that antioxidant quality of EVOO could be also attributed to compounds other than polyphenols [11] . We propose that the high levels of CoQ10 of Hojibblanca-2015 EVOO have a positive role in its antioxidant power, as CoQ10 is an electron acceptor and a potent antioxidant [33] . Beside, chlorophylls display antioxidant activity in the dark, but they act as pro-oxidant in the light [27] . It was also shown that climatic conditions affect the antioxidant potential of oils, but in a different way depending on cultivars; thus, it was observed that Hojiblanca-2015 oils had higher values of ABTS and DPPH, and lower values of FRAP, that Hojiblanca-2014, but Arbequina oils behaved differently according to the harvest. Other authors have also found that the antioxidant activity of olive oils, measured by ABTS, decrease during ripening [34] . Analysis of the bioaccesible fractions obtained after the in vitro digestion of the oils showed increased values of TPC and antioxidant properties of all the samples compared with chemical extracts (Table 3) , confirming the positive effects of the digestive process in the releasing of bioactive compounds previously observed in oils [5, 8] and in other foods [35] . In addition, after digestion of oils it was found that TPC was not affected by cultivar, and free radical scavenging activity (ABTS and DPPH) was higher in Arbequina than in Hojiblanca bioaccessible fractions, on the contrary to that showed in chemical extracts. Thus, results support that the digestion process is essential in defining the antioxidant properties of oils, and changes produced during digestion should be considered to predict the healthy potential of oils in vivo. It has been shown that polyphenols from EVOO undergo extensive gastrointestinal biotransformation, producing various metabolites through hydrolysis or conjugation that retain or improve the potential beneficial effect of the original compounds [36] . Hydroxytyrosol presented increased recovery during the digestive process due to the hydrolysis of secoiridoid derivatives, and has been recognized as the most efficient free radical scavenger and radical chain breaker [5, 36] . Thus, depending on the composition of bioactive compounds in the oils, the related antioxidant properties will evolve differently during the digestive process.
Together with the soluble or bioaccessible fraction, a residual or non-soluble fraction after the in vitro digestion was also recovered and analyzed. This fraction is usually discarded when studying bioavailability of bioactive compounds, but it still may contain a large quantity of complexes which could be metabolically active, as it has been previously described after digestion of Arbequina EVOO of different origin [11] .
According with our results, a range of 18-52 % of TPC from the total determined after digestion was located in the residual part (Figure 1, A) . These compounds may act locally exerting an antioxidant and anti-inflammatory action at intestinal level [37] . In agreement, this fraction contained substantial ABTS activity (5-25% from the total) and reducing power in higher proportions in some cases than the bioaccesible fraction ( Figure   1 , B-C), although no DPPH activity was observed. Moreover, polyphenols remaining in the large intestine after digestion may interact with the intestinal microbiota and be transformed into low molecular-structures potentially absorbable [38] . It was observed that cultivar in the present assay did not affect the distribution of TPC or ABTS activity in the different fractions obtained after digestion of the oils, although the year of harvest had a significant influence. Finally, the antioxidant activity was assessed by the ROS production in Caco-2 cells (Figure 2) . After incubating the cells with the BF of the oils, a modest ROS generation was observed, in most cases similar to the of the control cells, and non-affected by cultivar or harvest year of the EVOO assayed (Figure 2, A) . When an oxidative injury is caused, preincubation of cells with oils during 2h was able to protect by reducing ROS generation compared with control cells (with the only exception of Hojiblanca 2014, stage 2). In this case, Arbequina oils showed higher protecting effect than Hojiblanca. It has been described that EVOO polyphenols and their active metabolites may reach in the intestinal lumen enough concentration to act as antioxidant and scavenge ROS [36] Different letters indicate significant differences within samples and controls (P<0.05).
Chemometric analysis
A HCA was initially applied for grouping samples that share common characteristics according to the analyzed variables and the dendogram obtained is shown in whereas Arbequina samples were located in the lower side, mainly due to variables affecting F1, i.e. antioxidant properties, phenolic compounds and chlorophylls.
Therefore, HCA was confirmed by the factor analysis, which in turn showed that the RVOO samples can be correctly classified according with the variables analyzed in the present assay. 
Conclusions
Findings of the present study confirm that composition and antioxidant properties of the EVOO strongly depend on cultivar and, within cultivars, also differ depending the year of harvest and the crop stage. The response of cultivars to climatic conditions may vary in each case and, as a consequence, different levels of bioactive compounds should increase or decrease during ripening. Antioxidant properties seem to be linked to phenolic content and profile, but other compounds, such as CoQ10, also have a significant role.
Chemometric analysis showed that EVOO may be classified by cultivars, harvest year and crop stage according the variables analyzed in the present assay.
